Soda-alkaline method of alunite ore processing includes crushing, grinding and enrichment (flotation) of the alunite ore. Enriched alunite ore, containing 50 -60% of alunite, is roasted at temperatures between 520 о -620 о С for 1 -3 hours. Roasted alunite is further leached with sodium carbonate solution (5-20 %). Proportion of sodium carbonate for binding of SO 3 aluminum sulfate in alunite accounts for 100 -110 % of stoichiometric quantities. Leaching takes place at temperatures around 70 -100 о С for 0.5 -2.0 hours. Solution of the resulting pulp contains all the potassium sulfate from alunite and sodium sulfate from soda. Solution of sulfates is separated from the insoluble residue and is fed for conversion with potassium chloride. As result of this conversion we obtain quantities of potassium sulfate (fertilizer) and table (common) salt. The remaining insoluble residue contains all the aluminum oxide from alunite and waste rock. Further processing of the insoluble residue based on the Bayer out-of-autoclave process produces alumina and quartz sand. Besides alumina, this method makes it possible to get four times more the amount of potassium sulfate and certain volumes of table salt.
Introduction
Nowadays more than 90% of primary aluminum is produced from bauxite, however the amount of aluminum in the explored bauxite ore deposits accounts for less that 10% of world reserves. The huge demand for alumina has led to a switch of definitions of raw aluminum materials in the world economy. Currently, primary raw materials for aluminum production include bauxite, alunite, nepheline and nepheline syenite, certain types of clay and shale, as well as ashes from thermal power plants that use coal. The deposits of alunite ores are widespread in the Earth's crust. According to the map of alunite deposits and occurrences, compiled by academician М.А. Kashkai (Kashkai, 1970) , industrial deposits of alunite ores are mainly located in the alpine zone, which starts in the Eastern China, then continues through Middle Asia, Caucasus and Transcarpathia to the Mediterranean basin (i.e. within Southern Europe and Northern Africa). Further on, the alunite zone passes across the Atlantic Ocean into North America and the southern part of the United States.
Alunite ore is a raw material for the chemical and aluminum industries. Industrial deposits of alunite ores are widespread in the USA, China, Azerbaijan, Mexico, Iran, Kazakhstan, Uzbekistan, Ukraine, Russia, and other countries.
This article is devoted to a technology of integrated processing of alunite ores, resulting in production of chlorine-free potassium fertilizer -potassium sulfate (SOP), metallurgical alumina, coagulant for purification of drinking and wastewater from mechanical impurities, table salt -sodium chloride (NaCl) and quartz sand for non-ferrous casting and production of construction materials.
2. There exists an alkaline recovery method of alunite ores processing (Agranovskiy, 1970) , in which ore after crushing, grinding and roasting is subject to a recovery roasting at temperatures of ≤560 -580 о C by the reaction:
for production of sulfuric acid. The complete process of recovery takes place at temperatures over 580 о C. This method was applied at Ganja Alumina Plant (GAP) (Azerbaijan). Due to serious technological drawbacks (low yield of alumina in the product -less 70%; damage to the environment due to dust and gas pollution; the need for expensive auxiliary raw materials; large amounts of solid waste -5 tons per 1 ton of alumina; low demand for the by-product -sulfuric acid) the plant was shut down in 1992 and is still not working.
3. These drawbacks can be avoided by applying the potash-alkaline method (Lajner-Taghiyev) (Lajner, 1974) , (Taghiyev, 1981 (Taghiyev, , 2001 (Taghiyev, , 2003 (Taghiyev, , 2006 Solution contains 4 times more potassium sulfate (SOP), and the insoluble residue contains active alumina (¥-AL 2 O 3 ). Insoluble residue is then processed, using the Bayer out-of-autoclave process, and produces alumina and quartz sand. The yield of alumina in the product is-90%. White slurry of process desiliconization goes to production of coagulant for water purification. The major drawback of this method is related to use of high volumes of potassium carbonate, a scarce and expensive auxiliary raw material.
4. Potash Ridge Corporation (PRC) from Utah, USA has developed another processing method (PRC, 2017) for production of sulfuric acid, potassium sulfate (SOP), alumina, quartz sand from alunite ore. After crushing and roasting the alunite ore is subject to a floatation treatment. As a result, the ore contains not less than 60% of alunite. Then the ore is dried and roasted at 600 о С or below with a simultaneous alunite recovery by adding of excess diesel fuel. The emitted SO 2 is supplied to the production of sulfuric acid, which is further used by PRC for processing of KCl at the deposit in Quebec (Canada) and obtaining additional quantities of fertilizer K 2 SO 4 and hydrochloric acid (HCl). Roasted alunite is leached by the hot water for extraction of potassium sulfate in the solution (SOP). Roasting temperatures less than 600 о С result in incomplete recovery of alunite, however allows the maintenance of an active form of alumina in alunite. Still, leaching of alunite, roasted at 600 о С by hot water leads to SOP losses due to formation of basic salt, insoluble in water. Share of SOP in the solution does not exceed 65 -70 %. Roasting at 800 -900 о С improves the alunite recovery proportion up to 100% with extraction of SO 3 by aluminum sulfate. At the same time, the share of SOP is close to 100%, however ¥ -AL 2 O 3 changes into an insoluble form α -AL 2 O 3 . Consequently, Bayer method of alumina extraction from the concentrate cannot be applied. There are no known methods of separation of α -AL 2 O 3 and quartz in an insoluble residue, resulting in production of metallurgical alumina.
5. In order to eliminate these drawbacks and improve economic and ecological performance, we offer to perform leaching of the roasted alunite in two stages, as described in (Lajner, 1974) and replace potassium carbonate solution by the sodium carbonate solution at the first stage of leaching (1). After the first leaching the solution-mixture of sodium and potassium sulfates -is fed for conversion with KCl, resulting in the production of potassium sulfate (fertilizer) and table salt -NaCl (2).
(1): K 2 SO 4 .АL 2 (ЅО 4 ) 3 .2AL 2 O 3 + WR + 3Na 2 CO 3 = K 2 SO 4 + 3Na 2 SO 4 + (3AL 2 O 3 + WR) + 3CO 2 (2): K 2 SO 4 + 3Na 2 SO 4 + 6KCl = 4K 2 SO 4 + 6NaCl, (3AL 2 O 3 + WR)-Insoluble residue concentrate (32 -34%% AL 2 O 3 ) from the first leaching is fed for the second leaching, made with the reusable aluminate solution based on the Bayer out-of-autoclave process. Final products of the process are metallurgical alumina and quartz sand. The yield of alumina in the product is -90%. The alunite roasting process is performed at T о =520 о -550 о С. Roasted alunite is leached by the sodium carbonate solution (Proportion of sodium carbonate for binding of SO 3 aluminum sulfate in alunite accounts for 100 -110 % of stoichiometric quantities). Products of the reaction are K 2 SO 4 -fertilizer, NaCl-table salt, Al 2 O 3 -metallurgical alumina, SiO 2 -quartz sand, coagulant for purification of water from mechanical impurities (Taghiyev, 1976) . Thus, an ecologically harmful production of sulfuric acid can be excluded from the process. Conversion of the solution of sodium sulfate with KCl from a deposit in Quebec (Canada) leads to production of K 2 SO 4 (SOP) and NaCl. Volume of production of a universal and chlorine-free potassium fertilizer (SOP) is increased 4 times-(Appendix A).
The conversion of the Na 2 SO 4 with KCl is a well-known process of obtaining K 2 SO 4 and NaCl (N. V. Nemets, 1995) . From literature (M. E. Posin, 1974) it is known that the process of conversion of natural KCl and Na 2 SO 4 with obtaining K 2 SO 4 and NaCl was used in Canada. Conversion takes place in two stages: at the first stage as a result of evaporation NaCl is obtained. Glasurit and KCl remain in the solution. When cooled to a temperature below 40°C, K 2 SO 4 precipitates, and the mother solution returns to the first stage.
The Ganja Alumina Plant (GAP) uses a mixture of potassium and sodium alunite as raw material. Therefore, for the transfer of sodium sulfate to potassium sulphate, the conversion of sodium sulfate with potash alkali was applied. As a result, potassium sulfate and sodium alkali were obtained. The conversion process did not significantly affect the cost of the main products.
In the article (Alizadeh, 2016 ) the choice of optimal technology of alunite ore with the use of AHP and TOPSIS based on three criteria: technical, economic and environmental is being developed. From the 13 technology options, (Piga L, 1999) technology was chosen. However, to be sure of the correctness of this decision, the experimental confirmation and full disclosure of the technology with the material balance is required. Note 1. USA is 2 nd largest producer of soda ash in the world, and Canada is the world's largest producer of potassium chloride (KCl). The total amount of expenses on producing of 1 ton of alumina are equal to USD 929.11 Table 6 . Income from sales of by-products of production of alumina (per 1 ton) Vol. 11, No. 1; 2019 With the average selling price of 1 ton of alumina equaling to USD 250, the total income from sales of the whole will be equal to = 1822.18 + 250 = USD 2072.18.
After subtracting the production costs, the resulting profit will be = 2072.18 -929.11 = USD 1143.07 per each ton of AL 2 O 3 .
Considering the whole production capacity of Ganja Alumina Plant (GAP), equal to 150,000 tons of alumina per year, the resulting profit is estimated to be 1143.07 х 150,000 = USD M 171,46 per year.
Note 4. Cost of products for production and raw materials is taken from the Internet, as well as information on production capacities of Ganja Alumina Plant (GAP).
To reduce the capital costs of the implementation of the soda-alkaline technology, the process can be divided into 2 stages.
At the first stage we can implement the part, related to the first leaching of roasted alunite with soda solution (Na 2 CO 3 ) and separation of the insoluble residue (concentrate) for storage. This solution -a mix of potassium and sodium sulfates -is used for conversion with potassium chloride, obtaining sulfate potassium (SOP) and sodium chloride (NaCl) as result. (see Appendix B). Profit from sales of products from the 1 st stage will be directed to construction of the alumina processing part of the plant and implementation of the full-scale soda-alkaline technology.
Note 5. The authors have already received a positive decision on awarding of a patent in the Czech Republic with a priority from January 30, 2018.
